The existence of topological superconductors preserving time-reversal symmetry was recently predicted, and they are expected to provide a solid-state realization of itinerant massless Majorana fermions and a route to topological quantum computation. Their first likely example, Cu x Bi 2 Se 3 , was discovered last year, but the search for new materials has so far been hindered by the lack of a guiding principle. Here, we report point-contact spectroscopy experiments suggesting that the low-carrier-density superconductor Sn 1Àx In x Te is accompanied by surface Andreev bound states which, with the help of theoretical analysis, would give evidence for odd-parity pairing and topological superconductivity. The present and previous finding of possible topological superconductivity in Sn 1Àx In x Te and Cu x Bi 2 Se 3 suggests that odd-parity pairing favored by strong spin-orbit coupling is likely to be a common underlying mechanism for materializing topological superconductivity.
Topological superconductors (TSCs) have become a research frontier in the study of topologically ordered electronic states of matter [1] [2] [3] [4] . As a superconducting (SC) cousin of topological insulators [5, 6] , a TSC supports gapless surface quasiparticle states consisting of massless Majorana fermions as its distinctive characteristic. Majorana fermions are peculiar in that particles are their own antiparticles [7] , and they are currently attracting significant interest because of their potential for faulttolerant topological quantum computing [8] . The p-wave superconductor Sr 2 RuO 4 has been widely discussed [9] to be an example of a chiral TSC associated with spontaneous time-reversal symmetry breaking [10] . More recently, time-reversal-invariant TSCs were theorized and attracted much attention [6] . Lately, the Cu x Bi 2 Se 3 superconductor [11] has been theoretically proposed [4] and experimentally identified [12] as the first likely example of such a TSC. However, Cu x Bi 2 Se 3 crystals are intrinsically inhomogeneous [13] and it has been difficult to elucidate the nature of the surface Majorana fermions. Naturally, discoveries of new TSC materials are strongly called for. In this context, Cu x Bi 2 Se 3 is peculiar in that it is a superconductor obtained by doping a topological insulator, and such materials are few and far between; consequently, the prospect of finding new TSC materials in doped topological insulators is not very bright. Nevertheless, the discovery of possible topological superconductivity in Cu x Bi 2 Se 3 suggested that other TSCs might also be found in low-carrier-density semiconductors whose Fermi surface is centered around timereversal-invariant momenta [14] [15] [16] . This motivated us to look for signatures of topological superconductivity in Indoped SnTe (denoted Sn 1Àx In x Te) [17, 18] whose Fermi surface depicted in Fig. 1(a) satisfies the above criteria.
In this Letter, by performing point-contact spectroscopy on Sn 1Àx In x Te single crystals, we found evidence for the existence of a surface Andreev bound state (ABS), which is a hallmark of an unconventional superconductivity [19] . Knowing that the symmetry and low-energy physics of this material [20] allows only three types of superconducting gap functions and that all possible unconventional states are topological, it is possible to conclude that Sn 1Àx In x Te is likely to be a TSC. This discovery not only enriches the family of possible TSC materials for their detailed investigations, but also points to a common mechanism for topological superconductivity, providing a guiding principle for the search of TSCs.
It is known that In in Sn 1Àx In x Te acts as an acceptor and suppresses the ferroelectric structural phase transition (SPT) in SnTe. Above x ' 0:04 the SPT is completely suppressed and the system becomes a robust superconductor whose T c gradually increases with x up to $2 K at x ' 0:10 [18] . Specific-heat measurements have confirmed bulk superconductivity with possibly a strong pairing interaction for x ¼ 0:044 (where T c ¼ 1:0 K) [18] , but no experiment to detect the surface ABS has been carried out so far. In this Letter, we focus on samples with x ¼ 0:045 to avoid complications associated with the SPT.
SnTe crystallizes in the rocksalt structure (space group Fm " 3m) and hence possesses the O h point-group symmetry. Our In-doped single crystals were grown by a vapor transport method. High-purity elements of Sn (99.99%), Te (99.999%), and In (99.99%) were used as starting materials. The In concentration was measured with inductively coupled plasma atomic emission spectroscopy and was confirmed to be consistent with the observed T c [18] . The crystallographic orientation of the surface plane was confirmed by the x-ray Laue analysis to be (001).
The resistivity and the Hall resistivity were measured in the Hall-bar geometry with a six-probe method on the same crystal [ Fig. 1(e) ]. The Quantum Design Physical Properties Measurement System was used as a platform to cool the samples down to 0.37 K and apply magnetic fields up to 9 T. The upper critical field H c2 defined by a sharp resistivity onset was 0.3 T at 0.37 K [ Fig. 2(e) ].
We performed conductance spectroscopy on the faceted (001) as-grown surface [ Fig. 1(c) [12] to reveal its possible TSC nature. The soft point contacts were prepared by putting a tiny drop of silver paste below a 30-m-diameter gold wire [ Fig. 1(b) ]; an atomic force microscope image of the silver nanoparticles on a measured surface is shown in Fig. 1(d) . The dI=dV spectra were measured with a lock-in technique by sweeping a dc current that is superimposed with a small amplitude [1:8 A (rms), corresponding to 0:7 A=cm 2 ] ac current, and a quasi-four-probe configuration was employed to read the voltage between a normal metal (silver paste) and the sample (see Ref. [12] for details). We show in the Supplemental Material [22] that this technique yields ordinary Andreev reflection spectra [23] when applied to the conventional s-wave superconductor Sn.
When applied to Sn 1Àx In x Te, this technique allowed us to observe an intriguing signature of ABS [24] [Figs. 2(a) and 2(b)] rather than the ordinary Andreev reflection; namely, the bias-voltage dependence of the differential conductance dI=dV presents a pronounced peak at zero voltage (i.e., Fermi level) accompanied by dips on its sides at the energy scale of the SC gap (AE 0:1 meV). In the case of the ordinary Andreev reflection [23] , as one can see in Fig. S1 of the Supplemental Material [22] , two peaks, rather than dips, should be observed at the SC gap energy at low enough temperatures. Moreover, in our data for Sn 1Àx In x Te, the point-contact conductance at zero energy, G PC , in the SC state becomes more than twice the normalstate value [Figs. 2(c) and 2(d)], which is impossible for Andreev reflections [23] and points to the existence of ABS on the surface [19, 24] .
The large magnitude of the observed zero-bias conductance peak (ZBCP) is already a strong indication that it is due to an ABS, but it is prudent to examine the possible relevance of other origins of the ZBCP, such as heating effect [25] , reflectionless tunneling [26] , and magnetic Kondo scattering [27] . In this respect, the magnetic-field dependence of the spectra [ Fig. 2(b) ] gives evidence PRL To identify the nature of the SC state in Sn 1Àx In x Te, we first note that the Fermi surface in the normal state consists of four ellipsoids centered at four L points of the fcc Brillouin zone. The conduction and valence bands in the vicinity of each L point are described by the k Á p Hamiltonian [20] :
Here k 3 is the momentum along the threefold axis ÀL; k 2 is along the twofold axis LK. s i and i are Pauli matrices associated with spin and orbital degrees of freedom, respectively. Specifically, the two orbitals labeled by z ¼ AE1 are mainly derived from the p orbitals of Sn and Te atoms, respectively. We emphasize that at L points these two types of p orbitals have opposite parity and do not mix. The fourband Hamiltonian (1) of Sn 1Àx In x Te at the L points of the fcc lattice is essentially equivalent to that of Cu x Bi 2 Se 3 at the À point of the rhombohedral lattice [14] , both of which are dictated by the underlying D 3d point group symmetry.
We now discuss the possible pairing symmetries. Since the four L points are invariant under the inversion of crystal momentum k ! Àk, superconducting order parameters with zero total momentum correspond to pairing within each Fermi pocket, and therefore consist of four components on the four Fermi pockets:Á ¼ ðÁ 1 ; Á 2 ; Á 3 ; Á 4 Þ. Each Á j can be classified by the representations of D 3d , a subgroup of the O h point group for In-doped SnTe that leaves L j invariant. For the Hamiltonian (1) at a given L j , there are four types of momentum-independent gap functions Á j with different internal spin and orbital structures, corresponding to the A 1g , A 1u , A 2u , and E u representations of D 3d [4] . Furthermore, depending on the relative phases between Á 1 ; . . . ; Á 4 ,Á belong to different representations of the O h point group. It is beyond the scope of this Letter to exhaust all possibilities. Instead, we consider those superconducting states that do not spontaneously break any lattice symmetry, in accordance with all experimental facts known so far. There are three such states corresponding to the following one-dimensional representations of O h point group: A 1g , A 1u , and A 2u . [The E u state breaks the threefold rotation symmetry around (111) axis.] Among these three states, A 1g is even parity and fully gapped, which corresponds to an s-wave superconductor and does not have a surface ABS. Both A 1u and A 2u states are unconventional superconductors with odd-parity pairing. The A 1u state is fully gapped and realizes an odd-parity TSC. The topological invariant is given by N ¼ P j N j , where jN j j ¼ 1 is the invariant associated with each Fermi surface and its sign is given by sgnðÁ j Þ [15] . Importantly, the four components Á 1 ; . . . ; Á 4 are related by rotation symmetry and have the same sign in the A 1u state. As a result, the A 1u state of In-doped SnTe is a TSC with jNj ¼ 4, which supports topologically protected surface ABS.
The odd-parity A 2u state has point nodes at the intersection of each Fermi pocket with the ÀL line. These nodes are protected by the mirror symmetry of the fcc crystal structure. While it is impossible to define a 3D topological invariant for a gapless phase, one can still define ''weak'' topological invariants associated with 2D time-reversalinvariant planes in the Brillouin zone [28, 29] that are fully gapped. For the A 2u state in In-doped SnTe, any plane that passes a single L point and avoids the nodes satisfies the criterion for 2D odd-parity TSC [4, 30] and has a nonzero weak topological invariant. As a result, the A 2u state has topologically protected ABS, similar to those in the A 2u state of Cu x Bi 2 Se 3 theoretically demonstrated earlier [12] .
From the above analysis, we conclude that the two oddparity states A 1u and A 2u are topologically nontrivial and support ABS that can naturally give rise to the observed ZBCP. We further propose an electron-phonon mechanism for odd-parity pairing in Sn 1Àx In x Te. First, we note that SnTe has a soft TO phonon at q ¼ 0, which couples strongly to interband electronic excitations [31] . This phonon mode corresponds to the displacement of Sn and Te sublattices relative to each other. It becomes unstable and leads to the SPT at low temperature. The SPT temperature is suppressed by In doping [18] . As one can see in Fig. 1(e) , the temperature dependence of the resistivity shows no kink down to T c , which indicates that the SPT is completely suppressed in our sample; according to the phase diagram [18] , this is reasonable for x ¼ 0:045. This suggests that the TO phonon remains stable. Moreover, proximity to the SPT suggests that the tendency toward ferroelectricity is strong, which naturally points to an attractive interaction between Sn and Te p orbitals.
Assuming that such an interorbital attraction from electron-phonon coupling is the origin for superconductivity, we can now theoretically deduce the pairing symmetry of Sn 1Àx In x Te by following a similar analysis as was done for Cu x Bi 2 Se 3 [4] . Essentially, the spin-orbit coupled band structure (1) cooperates with the above attractive interaction to favor the pairing between Sn and Te orbitals. Because the two orbitals have opposite parity, as mentioned earlier, one may conclude that the pairing symmetry in Sn 1Àx In x Te is most likely odd parity. A detailed theory of the pairing mechanism and a full determination of the type of odd-parity pairing is beyond the scope of this Letter and will be presented elsewhere [32] . In any case, since the even-parity state does not produce a surface ABS but both odd-parity states in Sn 1Àx In x Te do, our experimental observation strongly suggests that the odd-parity pairing is realized in this material, which agrees with the above theoretical consideration for the pairing mechanism. Given that the two possible odd-parity states are both topological [12] ), the unusual dip at the SC gap energy scale has been consistently observed, bearing strong similarly to the present spectra.
Finally, we have also studied a similar superconducting material Pb 1Àx Tl x Te with the same point-contact technique [36] . Both Sn 1Àx In x Te and Pb 1Àx Tl x Te superconduct at 1-2 K [37] , crystallize in rocksalt structure, and have similar band structures. Nevertheless, we found no evidence for a TSC state in Pb 1Àx Tl x Te (Fig. 3) ; the observed data are consistent with the Andreev reflection spectra of conventional SC state with a low contact transparency (close to the tunneling limit). The occurrence of the conventional SC state here is probably because the pairing interaction in Pb 1Àx Tl x Te is dominated by the charge Kondo mechanism [37] which leads to ordinary s-wave pairing. This comparison seems to indicate the importance of the TO phonon for TSC in this class of materials.
The discovery of possible topological superconductivity in Sn 1Àx In x Te reported here is instructive for further explorations of new TSCs: It gives us a guiding principle to look for semiconductors with strong spin-orbit coupling and having Fermi surfaces surrounding time-reversal-invariant momenta, because the likely occurrence of TSC in both Cu x Bi 2 Se 3 and Sn 1Àx In x Te strongly suggests a common mechanism. In addition, this discovery has practical importance: While the previously discovered candidate material Cu x Bi 2 Se 3 suffers a problem of intrinsic inhomogeneity [13] which hindered detailed studies, high-quality single crystals of Sn 1Àx In x Te with 100% SC volume fraction are readily available. Hence, Sn 1Àx In x Te would make it possible to explore the new topological state of matter, the time-reversal-invariant TSC, on a robust platform for the first time.
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